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Objective: Although the luminal changes of Takayasu arteritis are well depicted with conventional angiography, its mural
changes can be best evaluated with spiral computed tomography (CT) angiography. Here, the authors investigated the
patterns of aortic involvement in Takayasu arteritis by using CT angiography.
Methods: CT angiography was performed from the carotid bifurcation to the iliac bifurcation in a consecutive 85 patients
(M:F  10:75, mean age: 37 years) with Takayasu arteritis. Two radiologists interpreted axial images and three-
dimensional reconstructed images by consensus with respect to disease extent, lesion continuity, and disease activity based
on mural and luminal changes on CT angiography.
Results: Eighty-one (95%) patients had aortic involvement with or without aortic branch involvement, and the other four
(5%) patients had only aortic branch involvement. In terms of aortic branches, the left common carotid artery (77%) and
the left subclavian artery (76%) were most commonly involved. Extent of disease involvement assessed by mural change
was wider than that assessed by luminal change in 52 (61%) patients. Although arterial involvement was contiguous in 69
(81%) patients, skipped lesions were identified in 16 (19%) patients. An analysis of mural findings revealed the coexistence
of active and inactive lesions in nine (11%) patients.
Conclusions: Aortic involvement in Takayasu arteritis can occur from the aortic root to below the iliac bifurcation, and
isolated branch vessel involvement is also possible. In most patients, aortic involvement occurs in a contiguous,
synchronous fashion. However, skipped involvement and the coexistence of active and inactive lesions also occur. (J Vasc
Surg 2007;45:906-14.)Takayasu arteritis (TA) is a chronic inflammatory and
obliterating disease of the aorta, its branches, and of the
pulmonary artery of unknown etiology. Diagnosis is based
on clinical signs and symptoms, laboratory findings, oper-
ative and angiographic findings.1-3 TA is found predomi-
nantly in female patients and has a worldwide distribution
although it is more commonly seen in Asian and Latin
American countries.3-7
The basic pathologic features of TA concern mural
changes in great vessels. However, mural changes cannot
be evaluated by conventional angiography, and previous
reports on the classification of aortic involvement in TA
have been based on conventional angiography.2,8,9 Diag-
nosis during early stage disease is often missed or delayed
because of a nonspecific clinical presentation and no lumi-
nal changes of aorta or of its branches by conventional
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906angiography, which thus, underestimates true disease ex-
tent even in the pulseless disease stage.1,10,11
Unlike conventional angiography, computed tomogra-
phy (CT) angiography is capable of demonstrating mural
and luminal changes in both the aorta and aortic branches,
and has greater diagnostic accuracy than conventional an-
giography.12-16 Therefore, new interpretation of aortic in-
volvement in TA should be carried out in the era of CT
angiography. In the present study, the authors investigated
patterns of aortic and aortic branch involvements, based on
mural changes in CT angiography.
MATERIALS AND METHODS
Patients. Between 1994 and 2003, 1997 CT angio-
graphic examinations in 1254 patients were performed to
evaluate suspected aortic pathology, and 157 CT examina-
tions in 113 patients were performed to evaluate suspected
Takayasu arteritis. Among them, 85 patients met three or
more of six American College of Rheumatology’s diagnos-
tic criteria for TA.17 Thus, this study included consecutive
Korean 85 TA patients (75 females and 10 males) who had
CT angiography between 1994 and 2003. Patients were
between 11- and 66-years-old (mean, 37 years) and were
diagnosed based on clinical, laboratory, and angiographic
findings. Chief complaints of 85 patients were dyspnea (n
 15), hypertension evaluation (n  13), chest pain (n 
13), pulseless arm (n  7), fever (n  6), blood pressure
difference of both arms (n  5), headache (n  5), pares-
thesia (n  4), claudication (n  4), loss of consciousness
) sugg
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abdominal pain (n  2), dizziness (n  1), deafness (n 
1), and abnormal chest radiography (n 1). In 36 patients,
the clinicians suspected the diagnosis of TA on the basis of
the clinical characteristics of the patients (ie, ischemic
symptoms and signs or fever of unknown origin in young
female) and the diagnosis of TA was made after CT angiog-
raphy. The remaining 49 patients had diagnosed as having
TA, 3 months to 17 years (mean, 6.5 year), before CT
angiography scanning, and CT angiography was performed
for follow-up evaluation of known TA. Fifteen patients had
received steroid therapy before CT scanning. Conventional
angiography was performed in 59 of these 85 patients a
month or less after CT angiography, and echocardiography
was undertaken in 48 to confirm possible aortic regurgita-
tion.
CT angiography technique. For CT examinations, a
Somatom Plus S (n  7), a Somatom Plus 4 (n  54)
(Siemens, Erlangen, Germany), and an MX8000 multide-
tector row CT scanner (n  24) (Philips Medical Systems,
Cleveland,Ohio) were used. CT scans were defined as three
distinct phases, ie, the unenhanced, arterial, and delayed
phases. Initially, unenhanced images were obtained from
Fig 1. Takayasu arteritis showing active and inactive l
image shows wall thickening of aortic arch and abdom
descending thoracic aorta (arrow) is noted. B, CT scan
thoracic aorta (arrowheads) suggesting active lesion. C,
thoracic aorta (arrowhead) suggesting inactive lesion. D
and aneurismal dilation of abdominal aorta (arrowheadsthe carotid bifurcation to the iliac bifurcation level, withparameters of 5 mm collimation and 10 mm interscan
interval.
For the Somatom Plus S and Plus 4 scanners, two
consecutive arterial phases were scanned from the carotid
bifurcation to the iliac bifurcation using a breath-hold
technique. The CT parameters were 3 mm beam collima-
tion, 5-6 mm/s table speed, 3 mm slice thickness, and a 2
mm reconstruction interval. For the MX8000 scanner,
single arterial phase was scanned using a breath-hold tech-
nique with the following parameters; 2.5 mm detector
collimation, 20-30 mm/s table speed, 3.2 mm slice thick-
ness, and a 1.6 mm reconstruction interval. Contrast me-
dium (Ultravist 370, Schering, Berlin, Germany) was in-
jected intravenously into an upper extremity or a lower
extremity vein at 3 mL/s and with a bolus of 120-150 mL.
Arterial phase delay times were chosen empirically and were
in the range 20-30 seconds after injection start. Subse-
quently, delayed CT scans were also obtained using 5 mm
collimation and 10 mm interscan interval from the carotid
bifurcation to below the iliac bifurcation. Delayed scans
were initiated 30 seconds after arterial phase.
Image analysis. Thin-section axial images were trans-
ferred to a personal computer containing three-dimen-
s in a 25-year-old woman. A, Multiplanar reformation
aorta (arrowheads). Mural calcification and stenosis of
s diffuse wall thickening of ascending and descending
an shows mural calcification and stenosis of descending
scan shows wall thickening, inner low-attenuated ring,
esting active lesion.esion
inal
show
CT sc
, CTsional (3D) reconstruction software (Rapidia; INFINITT,
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gram and an experienced radiologist (J.W.C.) performed
3D reconstruction, which included volume rendering,
maximum intensity projection, and multiplanar reforma-
tion. Two radiologists (Y.H.C., J.W.C.) evaluated patterns
of aortic and aortic branch involvement using axial images
and 3D images. Evaluations included disease extent, lesion
continuity, and disease stage based on mural and/or lumi-
nal changes by consensus.
To evaluate disease extent, the aorta was segmented
arbitrarily into the following: aortic root; ascending aorta;
aortic arch; proximal, middle and distal descending thoracic
aorta; and suprarenal, infrarenal and infra-IMA (inferior
mesenteric artery) abdominal aorta. Aortic and branch
involvements were determined based on the presence of
mural or luminal changes. The mural changes indicative of
active lesion TA were a thickened arterial wall with mural
enhancement and low attenuation ring on delayed phase
images (Fig 1, B and D).12,14 The mural changes indicative
of inactive lesion TA were a slightly thickened or normal
arterial wall with a high attenuation ring or calcifications on
unenhanced phase images, and slight mural enhancement
without low attenuation ring on delayed phase images (Fig
1, C).12,14 Aortic wall thickening was defined as a wall
thickness 1 mm with enhancement on a contrast-en-
hanced CT image; a previous study revealed that aortic
walls are either 1 mm thick or imperceptible in healthy
Fig 2. The spectrum of aortic involvement in patients
presented in 81 patients with aortic involvement. A, li
Interrupted lines in 11 patients indicate the presence of sk
aortic involvement are not presented on the diagram. Roo
p-DTA, proximal descending thoracic aorta; m-DTA, m
thoracic aorta; SR-AA, suprarenal abdominal aorta; I
mesenteric artery abdominal aorta.adults.12,14 Luminal changes associated with TA were ste-nosis, occlusion, and dilatation, and these were primarily
evaluated on 3D reconstruction CT angiographic images in
conjunction with conventional angiographic images in 59
patients.
RESULTS
Eighty-one (95%) of the 85 patients showed aortic
involvement with or without major aortic branch vessel
involvement (Figs 2 through 5). TA presented a spectrum
of aortic involvements from the aortic root to below the
iliac bifurcation (Table I). Aortic roots and infra-IMA aorta
were less frequently involved than in other aortic segments.
The remaining four patients (5%) showed aortic branch
involvement without aortic involvement; ie, only the left
subclavian artery in three patients; the innominate artery,
both common carotid artery, and superior mesenteric ar-
tery in the other one (Fig 6).
Aneurismal lesions commonly involved the ascending
thoracic aorta and less commonly descending thoracic aorta
(Table I). Aneurismal lesions involved the aorta or aortic
branches in 19 patients, and two of 19 patients had partial
thrombosis within the aneurismal lesions. Occlusive lesions
predominantly involved aortic branches including the ca-
rotid, subclavian, and renal arteries, and less commonly
abdominal aorta. Three patients had only wall thickening
without occlusive or aneurismal lesion.
In 52 (61%) of the 85 patients, the extent of disease
Takayasu arteritis. The extent of aortic involvement is
ithout interruptions indicates contiguous involvement.
area between the diseased aortas. Four patients without
rtic root; AA, ascending thoracic aorta; Arch, aortic arch;
e descending thoracic aorta; d-DTA, distal descending
, infrarenal abdominal aorta; IIMA-AA, infra-inferiorwith
ne w
ipped
t, ao
iddl
R-AAinvolvement assessed by mural changes on CT angiography
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patients had at least one vascular segment with normal
endoluminal diameter and luminal regularity but with vas-
cular wall thickening (Fig 4).
In a subgroup of 48 patients who underwent echocar-
diography, aortic regurgitation was observed by echocardi-
ography in 23, and 17 of these 23 patients had an abnor-
mality such as luminal dilation or an increased wall
thickness of aortic root by CT angiography (Table II).
TA extended to the carotid bifurcation, the external
and internal carotid arteries, and to the external iliac artery.
Aortic branch involvement incidences are summarized in
Table I. Aortic arch vessels were involved more commonly
than abdominal aortic branches, and the left common
carotid artery, left subclavian artery, and innominate artery
were involved in 77%, 76%, and 70%, respectively. In terms
of abdominal aortic branches, the inferior mesenteric artery
was involved just only in two (2%) patients.
Complete occlusion of the right or left common carotid
artery was present in 13 patients, and CT angiography
scanned from internal carotid artery in six of 13 patients.
CT angiography in these six patients clearly showed the
reconstituted internal carotid arteries, which were hardly
Fig 3. Takayasu arteritis involving aorta with skipped s
image shows wall thickening (arrowheads) of ascending t
and abdominal aorta. Nowall thickening of distal descend
was not observed in the thickened segment such as aortic
was observed in the distal descending thoracic aorta (arro
at the proximal descending thoracic aorta shows diffuse
(arrow) and descending thoracic aorta (arrowhead). C, C
no wall thickening of aorta.D, CT scan at the abdomina
ring of abdominal aorta (arrow).perceptible at conventional angiography (Fig 5).Although vascular involvements were contiguous in 69
(81%) patients, intervening normal arterial segments were
identified in 16 patients (19%). Those normal segments
were located between involved aortic segments (n  11)
(Fig 3), between an involved aortic segment and an in-
volved branch vessel (n 2), within involved arch vessel (n
 2) and in one case entirely spared the aorta but with
involvement of arch vessels and the superior mesenteric
artery (n  1) (Fig 6).
According to mural changes, 34 patients had active
lesions, 34 inactive lesions, and nine synchronously active
and inactive lesions (Fig 1). In the remaining eight patients,
it was difficult to determine disease activity. In 79 patients
in whom erythrocyte sedimentation rate (ESR) was esti-
mated, ESR in patients with active lesions was higher than
that in ones with inactive lesions (Table III).
DISCUSSION
Necessity and rationale to evaluate patterns of aor-
tic involvement in Takayasu arteritis with CT angiog-
raphy.Conventional angiography continues to be used as a
standard tool for the diagnosis and evaluation in TA. The
main arterial changes on angiograms are stenosis and oc-
nt in a 50-year-old woman. A, Multiplanar reformation
ic aorta, aortic arch, proximal descending thoracic aorta,
horacic aorta is noted.Motion artifact (pulsation artifact)
nd abdominal aorta due to stiffness of involved aorta and
ue to pulsation of the noninvolved segment. B, CT scan
thickening and inner low attenuated ring of ascending
an at the distal descending thoracic aorta (arrow) shows
shows diffuse wall thickening and inner low attenuatedegme
horac
ing t
arch a
ws) d
wall
T sc
l aortaclusion, though dilatation and aneurysm formation are also
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cation, and the classification of the International Confer-
ences on TA (Tokyo, 1994) were all based on conventional
angiography.1,2,8,9
In TA, early diagnosis and treatment result in early
remission and a better prognosis. In early stage disease,
mural changes may be the only positive finding. CT
angiography is able to demonstrate mural changes as well
as luminal changes,14 whereas conventional angiography
shows mainly luminal changes in the aorta and its major
Fig 4. Takayasu arteritis involving abdominal aorta an
intensity-projection image shows severe stenoses of bot
abdominal aorta (arrowheads). Normal-looking far dista
distal abdominal aorta shows diffuse wall thickening of
aorta wall despite of no abnormality at maximum-int
auto-transplantation of both kidneys shows the graft be
kidney directly anastomosed with right iliac artery.branches. Therefore, CT angiography could be used todiagnose TA at an earlier stage, and if so, the classifica-
tion of aortic involvement should be based on CT angio-
graphic presentations. Park et al14 classified ten patients
as type I (4 patients), type II (3 patients), and type III (3
patients) according to Ueda classification by conven-
tional angiography, but as type I (2 patients), type II (2
patients), and type III (6 patients) by CT angiography.
In this study, three patients had only wall thickening
without occlusive or aneurismal lesion. If conventional
angiography had been performed alone, the diagnosis of
h renal artery in a 20-year-old woman. A, Maximum-
ximal renal artery (arrows) and luminal irregularity of
minal aorta (yellow line) is noted. B, CT scan at the far
minal aorta (arrows) suggesting active inflammation of
-projection image. C, Volume rendering image after
n the left iliac artery and left renal artery, and the rightd bot
h pro
l abdo
abdo
ensity
tweeTA might be delayed.
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Volume 45, Number 5 Chung et al 911Fig 5. Takayasu arteritis causing complete occlusion of both carotid and subclavian arteries in a 57-year-old woman.
A andB,Conventional aortography shows complete occlusion of both common carotid and subclavian arteries. Dilated
left vertebral artery (arrow) in noted. Reconstructed left internal carotid artery (arrowhead) is faintly observed. C,
Volume rendering image clearly shows reconstituted left internal and external carotid arteries (arrow).Table I. Involvement of aorta, its branches, and pulmonary artery in patients with Takayasu arteritis
Location
No. of
patients
evaluated
No. of patients
involved
Occlusive
lesion
Aneurismal
lesion
Wall
thickening
lesion
Aorta
Aortic root 85 31 (36%) 0 10 21
Ascending aorta 85 50 (59%) 0 15 35
Aortic arch 85 68 (80%) 1 5 62
Proximal descending thoracic
aorta
85 69 (81%) 6 2 61
Middle descending thoracic aorta 85 66 (78%) 11 5 50
Distal descending thoracic aorta 85 64 (75%) 16 4 43
Suprarenal abdominal aorta 85 61 (72%) 18 1 42
Infrarenal abdominal aorta 85 55 (65%) 19 1 35
Infra-IMA abdominal aorta 85 30 (35%) 6 0 24
Aortic branches
Innominate artery 81 57 (70%) 6 9 42
Right common carotid artery 82 53 (65%) 27 2 24
Right external carotid artery 21 2 (10%) 1 0 1
Right internal carotid artery 21 1 (5%) 0 0 1
Right subclavian artery (proximal) 83 41 (49%) 21 6 14
Right subclavian artery (distal) 82 30 (37%) 17 2 11
Right vertebral artery 78 5 (6%) 3 0 2
Left common carotid artery 83 64 (77%) 46 1 17
Left external carotid artery 23 6 (26%) 3 0 3
Left internal carotid artery 22 5 (23%) 2 0 3
Left subclavian artery (proximal) 84 64 (76%) 44 2 18
Left subclavian artery (distal) 81 48 (59%) 38 1 9
Left vertebral artery 78 9 (12%) 6 0 3
Celiac trunk 83 11 (13%) 9 0 2
Superior mesenteric artery 83 28 (34%) 20 0 8
Right renal artery 84 27 (32%) 26 0 1
Left renal artery 83 34 (41%) 34 0 0
Inferior mesenteric artery 82 2 (2%) 0 0 2
Right common iliac artery 81 12 (15%) 2 0 10
Right external iliac artery 55 1 (1%) 1 0 0
Left common iliac artery 81 12 (15%) 2 0 10
Left external iliac artery 55 0 (0%) 0 0 0
Pulmonary artery 83 22 (27%) 20 0 2Infra-IMA, infra-inferior mesenteric artery; (proximal), proximal to the origin of vertebral artery; (distal), distal to the origin of vertebral artery.
nhan
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without mural inflammation is important when planning
bypass surgery, such as, aorto-carotid, aorto-renal, aorto-
aortic bypass surgery, for symptomatic occlusive disease.
Therefore, aortic involvement in TA requires re-interpreta-
tion with respect to CT angiographic finding.
Topographical distribution of aortic involvement.
The incidences of specific organ involvements vary in re-
ported series, which may relate to ethnic differences.6,9
According to Hata et al,9 in Japanese patients, the aortic
arch and its branches are mainly affected, whereas in Indian
patients, the abdominal aorta and renal arteries are mainly
Fig 6. Takayasu arteritis involving only aortic branch
image shows wall thickening of left common carotid (arro
phase CT scan at the common carotid artery level sho
(arrows). C, Delayed phase CT scan at the common ca
low-attenuated ring of left common carotid artery (arro
shows no definite wall thickening of aorta (arrow). F, Art
thickening of abdominal aorta (arrowhead) and wall th
phase CT scan at the abdominal aorta level shows wall e
Table II. Relation between abnormality on CT
angiography and aortic regurgitation demonstrated on
echocardiography
Aortic regurgitation on
echocardiography Present Absent
Increased wall thickness
or dilation of aortic root
on CT angiography
Present 17 7
Absent 6 18involved. In our study, the aortic arch and its branches werefound to be dominantly affected, which is similar to that
reported in the Japanese. However, disease extents in TA in
this study were more variable as shown in Fig 2. It may be
because CT angiography provides more detailed informa-
tion concerning the scope of vascular involvement and
disease extent.
The incidence of aortic involvement in patients with
TA is between 50% and 76%.1,9,18-20 However, because CT
shows abnormalities like aortic wall thickening without
luminal change, the incidence of aortic involvement was
high, 95% in the present series. The remaining four (5%)
patients showed aortic branch involvement only.
The incidence of aortic valve regurgitation in TA pa-
tients lies between 13% and 25%, and aortic regurgitation is
now considered an important risk factor for mortality
TA.21-24 Aortic regurgitation was found in 23 patients in
our study, ie, 27% of the study population. Since aortic
regurgitation was demonstrated by echocardiography in 17
of 24 patients with aortic root involvements, we consider
that CT angiography helps predict aortic regurgitation.
Approximately 10% to 20% of TA patients experience
an ischemic stroke or transient ischemic attack.1 Common
carotid artery involvement with sparing of the internal and
external carotid arteries is frequent in TA, and the common
carotid artery is often diseased.1,25 In the present study,
ls in a 19-year-old woman A, Multiplanar reformation
ds) and superior mesenteric arteries (arrows).B, Arterial
iffusion wall thickening of left common carotid artery
artery level shows enhancing thickened wall and inner
and E, CT scan at the descending thoracic aorta level
hase CT scan at the abdominal aorta level shows no wall
ing of superior mesenteric artery (arrows). G, Delayed
cement of superior mesenteric artery (arrows).vesse
whea
ws d
rotid
ws). D
erial p
ickenright or left common carotid artery involvement was
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tively, and internal and external carotid artery involvements
were less than 26%. Aorta-carotid bypass surgery is needed
in patients with ischemic symptoms and an awareness of
normal internal carotid artery segments is important. Con-
ventional angiography often fails to demonstrate the recon-
stituted internal carotid artery in case of complete occlusion
of the common carotid artery, whereas CT angiography
clearly showed the reconstituted internal carotid arteries.
This is attributed to the longer scan delay time of CT
angiography, which allows contrast material to fill the
reconstituted internal carotid artery.
Renovascular hypertension in TA is one of the common
indications for intervention and surgical treatment.26-28
Weaver et al28 recently reported that the detection of an
anastomotic region without apparent inflammation is im-
portant for preventing graft failure due to inflammation at
an anastomotic site. In our series, the extent of disease
involvement, assessed by mural changes, was wider than
that assessed by luminal changes in 52 (61%) patients.
Thus, if surgical treatment is planned, CT angiography
plays a key role in selecting sites for graft anastomosis.
Sharma et al13 reported that TA involves a contiguous
length of aorta, and that it caused wall and luminal changes
in certain areas but only wall changes in the intervening
segments. In our study, although it was true in 69 (81%)
patients, normal intervening aortic segment without wall
changes was observed in 16 patients (19%).
Coexistence of active and inactive lesions. Current
laboratory markers of disease activity are insufficiently reli-
able to assess disease activity, and thus, disease activity
should be determined based on clinical, laboratory, and
imaging findings. According to the reports of Park et
al,12,14 early enhancement during the arterial phase, de-
layed mural enhancement, and an inner concentric, low-
attenuation ring in the aorta and pulmonary artery during
the arterial and delayed phases of CT scanning, suggest
active disease. Lack of mural enhancement in the early and
delayed phases, high mural attenuation on precontrast im-
ages, and calcification of great vessel walls are disorders
more likely to be seen in patients with inactive disease. The
high attenuation of these vessel walls, demonstrated on
precontrast images, is probably due to mural calcium dep-
osition, which occurs in TA, and the presence of full-
thickness calcification may be due to the transmural nature
of this inflammatory disease.14
The relapsing nature of TA often requires repeated
courses of medical therapy, in fact 50% of patients experi-
Table III. Relation between activity based on CT angiogr
Activity Active
Synchronous
active and
inactive
Patient no. 33 8
ESR (mean  SD) 61.5  38.9 39  31.1ence relapse within 5-years follow-up.1 Our study alsorevealed the coexistence of active and inactive lesions in
nine (11%) patients. CT scans should be performed from
the carotid bifurcation to the iliac bifurcation to evaluate
disease activity during follow-up.
The present study has several limitations. First, CT
angiography has some shortcomings with regard to evalu-
ating aortic branch involvement.15 Although aortic
branches adjacent to the aortic arch were clearly depicted
by CT angiography, those remote from the aortic arch,
such as, distal portions of the subclavian artery and vertebral
artery, were less clear and often difficult to evaluate. This
limitation could be overcome by multidetector CT. Sec-
ond, various CT scanners, including a single detector CT,
were used in this study over a 10-year period. Thus, CT
scan ranges were not constant and evaluations of internal
carotid artery and external iliac artery were not possible in
many patients. Third, there is no pathologic proof for
disease involvement. We think the disease extent in this
study might be somewhat underestimated because micro-
scopic involvement can not be detected on CT angiogra-
phy. Fourth, this study did not evaluate the lesions in
coronary artery. The involvement of coronary artery is
important for the management of patients with TA. With
the recent advent of 16 channel- or 64 channel-detector
CT scanner, the evaluation of coronary artery can be pos-
sible by CT scanner, and this issue should be further
studied.
CONCLUSION
In conclusion, TA can involve the internal and external
carotid artery and external iliac artery and can involve just
only aortic branches. There can be skipped lesion and
coexistence of active and inactive lesions. Mural changes in
TA are broader than luminal changes that are seen at
conventional angiography. Hence, the present study indi-
cates that CT scans should be performed from the carotid
to iliac bifurcation to adequately evaluate and diagnose TA.
AUTHOR CONTRIBUTIONS
Conception and design: JC, SK, WL, JP
Analysis and interpretation: JC, HK, YC, WL
Data collection: JC, HK, YC, SK
Writing the article: JC, HK, YC
Critical revision of the article: JC, SK, WL, JP
Final approval of the article: all authors
Statistical analysis: HK
Obtained funding: Not applicable
and ESR in 79 patients with Takayasu arteritis
Undetermined Inactive P-value
8 30
19.1  17.1 14.5  13.4 .01aphy
lyOverall responsibility: JC
JOURNAL OF VASCULAR SURGERY
May 2007914 Chung et alREFERENCES
1. Kerr GS,Hallahan CW,Giordano J, Leavitt RY, Fauci AS, RottemM, et
al. Takayasu arteritis. Ann Intern Med 1994;120:919-29.
2. Park JH, Han MC, Kim SH, Oh BH, Park YB, Seo JD. Takayasu
arteritis: angiographic findings and results of angioplasty. AJR 1989;
153:1069-74.
3. Sharma BK, Siveski-Iliskovic N, Singal PK. Takayasu arteritis may be
underdiagnosed in North America. Can J Cardiol 1995;11:311-6.
4. YajimaM,Numano F, Park YB, Sagar S. Comparative studies of patients
with Takayasu arteritis in Japan, Korea and India - comparison of clinical
manifestations, angiography and HLA-B antigen. Jpn Circ J 1994;58:
9-14.
5. Park YB, Hong SK, Choi KJ, Sohn DW, Oh BH, Lee MM, et al.
Takayasu arteritis in Korea: clinical and angiographic features. Heart
Vessels Suppl 1992;7:55-9.
6. Jain S, Kumari S, Ganguly NK, Sharma BK. Current status of Takayasu
arteritis in India. Int J Cardiol 1996;54:S111-6.
7. Suwanwela N, Piyachon C. Takayasu arteritis in Thailand: clinical and
imaging features. Int J Cardiol 1996;54:S117-34.
8. Ueno A, Awane Y, Wakabayashi A, Shimizu K. Successfully operated
obliterative brachiocephalic arteritis (Takayasu) associated with the
elongated coarctation. Jpn Heart J 1967;8:538-44.
9. Hata A, Noda M, Moriwaki R, Numano F. Angiographic findings of
Takayasu arteritis: new classification. Int J Cardiol 1996;54:S155-63.
10. Schmidt WA, Nerenheim A, Seipelt E, Poehls C, Gromnica-Ihle E.
Diagnosis of early Takayasu arteritis with sonography. Rheumatology
2002;41:496-502.
11. Matsunaga N, Hayashi K, Sakamoto I, Ogawa Y, Matsumoto T. Taka-
yasu arteritis: protean radiologic manifestations and diagnosis. Radio-
graphics 1997;17:579-94.
12. Park JH, Chung JW, Im JG, Kim SK, Park YB, Han MC. Takayasu
arteritis: evaluation of mural changes in the aorta and pulmonary artery
with CT angiography. Radiology 1995;196:89-93.
13. Sharma S, Sharma S, Taneja K, gupta AK, Rajani M. Morphological
mural changes in the aorta revealed by CT in patients with nonspecific
aortoarteritis (Takayasu’s arteritis). AJR 1996;167:1321-5.
14. Park JH, Chung JW, Lee KW, Park YB, Han MC. CT angiography of
Takayasu arteritis: comparison with conventional angiography. J Vasc
Interv Radiol 1997;8:393-400.
15. Yamada I, Nakagawa T, Himeno Y, Numano F, Shibuya H. Takayasu
arteritis: evaluation of the thoracic aorta with CT angiography. Radiol-
ogy 1998;209:103-9.16. Paul JF, Fiessinger JN, Sapoval M, Hernigou A, Mousseaux E, Emmer-
ich J, et al. Follow-up electron beam CT for the management of early
phase Takayasu arteritis. J Comput Assist Tomogr 2001;25:924-31.
17. Arend WP, Michel BA, Bloch DA, Hunder GG, Calabrese LH, Edwor-
thy SM, et al. The American College of Rheumatology 1990 criteria for
the classification of Takayasu arteritis. Arthritis Rheum 1990;33:1129-
34.
18. Yamato M, Lecky JW, Hiramatsu K, Kohda E. Takayasu arteritis:
radiographic and angiographic findings in 59 patients. Radiology 1986;
161:329-34.
19. Vanoli M, Daina E, Salvarani C, Sabbadini MG, Rossi C, Bacchiani G,
et al. Takayasu’s arteritis: A study of 104 Italian patients. Arthritis
Rheum 2005;53:100-7.
20. Lupi-Herrera E, Sanchez-Torres G, Marcushamer J, Mispireta J, Hor-
witz S, Vela JE. Takayasu’s arteritis. Clinical study of 107 cases. Am
Heart J 1977;93:94-103.
21. Matsuura K, Ogino H, Kobayashi J, Ishibashi-Ueda H, Matsuda H,
Minatoya K, et al. Surgical treatment of aortic regurgitation due to
Takayasu arteritis: long-term morbidity and mortality. Circulation
2005;112:3707-12.
22. Amano J, Suzuki A, Tanaka H, Sunamori M. Surgical treatment for
annuloaortic ectasia in Takayasu arteritis. Int J Cardiol 1998;66:S197-
202.
23. Ohteki H, Itoh T, Natsuaki M, et al. Aortic valve replacement for
Takayasu’s arteritis. J Thorac Cardiovasc Surg 1992;104:482-6.
24. Taketani T, Miyata T, Morota T, Takamoto S. Surgical treatment of
atypical aortic coarctation complicating Takayasu’s arteritis--experience
with 33 cases over 44 years. J Vasc Surg 2005;41:597-601.
25. Ringleb PA, Strittmatter EI, Loewer M, Hartmann M, Fiebach JB,
Lichy C, et al. Cerebrovascular manifestations of Takayasu arteritis in
Europe. Rheumatology 2005;44:1012-5.
26. Miyata T, Sato O, Koyama H, Shigematsu H, Tada Y. Long-term
survival after surgical treatment of patients with Takayasu’s arteritis.
Circulation 2003;108:1474-80.
27. Fields CE, Bower TC, Cooper LT, Hoskin T, Noel AA, Panneton JM,
et al. Takayasu’s arteritis: operative results and influence of disease
activity. J Vasc Surg 2006;43:64-71.
28. Weaver FA, Kumar SR, Yellin AE, Anderson S, Hood DB, Rowe VL, et
al. Renal revascularization in Takayasu arteritis-induced renal artery
stenosis. J Vasc Surg 2004;39:749-57.Submitted Sep 28, 2006; accepted Jan 5, 2007.
